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On-line assessment of delivered dialysis dose.
Background. The adequacy of the delivered dialysis dose is essential to
prevent patient morbidity and mortality. The determination of effective
ionic dialysance (D) is easy, non-invasive and inexpensive, and its use
instead of effective urea clearance (K) in kinetically determining “appar-
ent” urea distribution volume (Vt) is likely to lead to a correct Kt/V, even
though the Vt value may be incorrect. The aim of this study was to test the
possibility of using the measurement of D to monitor Kt/V on-line during
each dialysis treatment.
Methods. Forty-four patients were dialyzed using a monitor equipped
with a specially designed “Diascan Module” (COT; Hospal) that measures
effective D by means of a single conductivity probe. Vt was calculated
according to the SPVV three BUN method urea kinetic model using D
instead of K values. One month later, Kt/V was calculated as Dt/V, using
actual D and T values and the predetermined Vt values updated for the
current final body wt. Both the Dt/V and Kt/V determined according to
the Smye and Daugirdas methods were compared with the Kt/V deter-
mined using the SPVV kinetic model (Kt/Veq).
Results. The Kt/V values calculated using ionic dialysance and prede-
termined Vt were approximately equivalent to those of Kt/Veq (1.14 6
0.16 vs. 1.14 6 0.17, mean difference 0.00 6 0.07), as were those
determined according to the Smye and Daugirdas methods (1.10 6 0.18
and 1.13 6 0.17, mean difference 20.03 6 0.06 and 20.01 6 0.06,
respectively).
Conclusion. Once Vt has been determined, the evaluation of ionic
dialysance in stable patients makes it possible to calculate the Kt/V
accurately at each dialysis session without blood or dialysate sampling, and
at no additional cost.
The assessment of the delivered dialysis dose is an
essential means of assuring the adequacy of the treatment,
and it is well known that treatment inadequacy is the main
cause of patient morbidity and mortality. The most widely
used index for the prescription and assessment of delivered
dialysis dose is the Kt/V described by Sargent and Gotch
[1], where–in anuric patients–K is the effective dialyzer
clearance of urea, T the duration of the session and V the
volume of urea distribution.
It has recently been shown that there is a 7% reduction
in the risk of mortality for every 0.1 increase in delivered
Kt/V up to 1.3 [2]. A number of authors have stressed the
need to define which Kt/V level can be considered ade-
quate, since the level beyond which the mortality rate does
not continue to decrease has not yet been established.
However, the main problem we are currently facing is the
need to find a reliable, easy, non-invasive and inexpensive
method of determining Kt/V frequently, because it is well
known that very often there is a difference (sometimes
large) between the prescribed and delivered dialysis dose
[3–5].
Kt/V is usually determined by means of various kinetic
models, the most widely used being the single pool variable
volume urea kinetic model (SPVV-UKM) [6], which re-
quires the taking of blood samples before and after each
treatment to determine urea concentrations. Furthermore,
urea transfer from one body compartment to another is not
instantaneous (especially when high efficiency regimens are
used), and the disequilibrium revealed by post-dialytic urea
rebound [7] lasts for 30 to 60 minutes after the end of a
dialytic session. To avoid a significant underestimate of
urea distribution volume (and the consequent overestimate
of Kt/V) when using the single pool UKM, the blood
sample for post-dialysis urea analysis has to be drawn when
the urea rebound is exhausted, that is, at least 30 minutes
after the end of the session [8]. As a result, the delivered
dialysis dose is only quantified from time to time and there
is the obvious risk that even significant variations from one
session to another may go unnoticed.
The use of two conductivity probes placed at the dialyzer
inlet and outlet [9], or of a single probe alternately acti-
vated at the inlet and outlet [10], allows the repeated and
instantaneous measurement of effective ionic dialysance
(D) without the need for any blood or dialysate sampling. It
has been suggested that D (electrolyte dialysance corrected
for recirculation) and effective urea clearance may be
equivalent [11, 12], but there is still no agreement on this
Key words: ionic dialysance, Kt/V, urea distribution volume, patient
morbidity, urea rebound, clearance, measurement of dialysis efficiency,
SPVV kinetic model, access recirculation, blood flow.
Received for publication August 20, 1997
and in revised form January 2, 1998
Accepted for publication February 12, 1998
© 1998 by the International Society of Nephrology
Kidney International, Vol. 54 (1998), pp. 263–267
263
point [13, 14]. Nevertheless, the fact that this new param-
eter can be measured easily, non-invasively and inexpen-
sively prompted the undertaking of this study, the aim of
which was to test the possibility of using D to monitor Kt/V
on-line, without the need for any blood or dialysate sam-
pling, and at no additional cost.
METHODS
Forty-four anuric patients on chronic thrice-weekly he-
modialysis were included in the study, 22 of whom were
treated with acetate cellulose dialyzers of 2.1 m2 (CA 210;
Baxter Healthcare, Rome, Italy) and 22 with cuprophan
dialyzers of 1.5 m2 (NT 1465; Bellco, Mirandola, Italy). The
treatment times ranged from 150 to 270 minutes, and blood
flow (Qb) from 200 to 400 ml/min; the dialysate flow was
fixed at 500 ml/min. The dialysis monitor (Monitral S;
Hospal, Medolla, Italy) was equipped with a specially
designed “Diascan Module” (COT; Hospal, Meyzeu,
France) connected to the dialysate line between the dia-
lyzer and the dialysis machine. By means of a single
temperature-compensated conductivity probe, which is al-
ternately activated at the dialysate inlet and outlet, the
Diascan Module measures the difference between inlet and
outlet dialysate conductivity (Cin and Cout) at two different
inlet conductivity values (Cin1 and Cin2) and, on the basis of
the assumption that the patient’s conductivity is constant
during the approximately five minutes required for all of
the measurements, automatically determines D according
to Equation 1 (which, like all of the following equations, is
given in the Appendix). The first measurement of D is
completed 10 minutes after the start of the session, and
subsequent determinations are made automatically every
20 minutes; at the end of the session the mean value of all
of these measurements is then calculated. The mathemat-
ical model used to estimate the value of D has already been
extensively described [9, 10].
The plasma urea concentration of each patient was
determined at the start (Co) and 30 minutes after the end
of the session (Ct30), and also at the start of the subsequent
session (Co2). The mean D values of each session were
determined at the same times. Urea distribution volume at
the end of the session (Vt) was then calculated by means of
the SPVV three-BUN method kinetic model (Equations 2
and 3) using the mean D values instead of instantaneous
effective urea clearances.
One month later, the D values were determined and
plasma urea concentrations measured at the start of the
session (Co), 70 minutes after the start with the blood
pump running (C70), at the end with the blood pump
running (Ct), and 30 minutes after the end of the session
(Ct30), as well as at the start of the subsequent session
(Co2).
The Kt/V ratio was then calculated: (a) as D 3 t/V
(Dt/V) using “actual” D and t values, with V being the Vt
values determined one month before with the addition of
the difference between the current and previous final body
weight; and (b) by means of the SPVV urea kinetic model
using Co1, Ct30 and Co2 (Kt/Veq); diffusive urea clearance
(UK) was calculated according to Equation 4.
Kt/V was also calculated according to the Smye method
(Equation 5) using Co, C70 and Ct (Kt/VSmye), and the
Daugirdas method (Equations 6 and 7) using Co and Ct
(Kt/VDaugirdas).
Statistics
The values of Kt/V are expressed as means 6 1 SD.
The agreement between the estimated Dt/V, Kt/VSmye,
Kt/VDaugirdas and Kt/Veq was assessed by comparing the
differences (Dt/V 2 Kt/Veq), (Kt/VSmye 2 Kt/Veq) and
(Kt/VDaugirdas 2 Kt/Veq) with the Kt/Veq values (Bland-
Altman analysis [15]). The mean value and SD of these
differences were then calculated.
RESULTS
The mean Dt/V value was 1.14 6 0.16 (range 0.80 to
1.43), and the mean value of Kt/Veq was 1.14 6 0.17 (range
0.81 to 1.50). Figure 1 shows the difference between the
individual values of Dt/V and Kt/Veq, plotted against the
Kt/Veq values. The values are both above and below the
reference line, thus demonstrating the absence of any
systematic error in the Kt/V estimated using the conduc-
tivity method. The mean value of the difference was 0.00 6
0.07, which proves the very good accuracy of the model;
furthermore, its imprecision in 95% of the individual Kt/V
estimates was of 0.14 or less. The mean coefficient of
variation of ionic dialysance during dialysis was 3.6%.
The mean value of Kt/VSmye was 1.10 6 0.18 (range 0.75
to 1.53). The mean difference between Kt/VSmye and
Kt/Veq was 20.03 6 0.06, and the mean difference be-
tween the equilibrated final plasma urea concentrations
determined according to the Smye equation and those
measured was 2 6 5 mg/dl (range from 28.9 to 13.9).
Figure 2 shows the difference between the individual values
of Kt/VSmye and Kt/Veq, plotted against the Kt/Veq values.
Finally, the mean value of Kt/VDaugirdas was 1.13 6 0.17
(range 0.76 to 1.50). The mean difference between Kt/
VDaugirdas and Kt/Veq was 20.01 6 0.06. Figure 3 shows the
difference between the individual values of Kt/VDaugirdas
and Kt/Veq, plotted against the Kt/Veq values.
DISCUSSION
Patient morbidity and mortality strictly depend on the
adequacy of dialytic treatment. However, given that the
actually delivered dialysis dose may greatly differ from one
dialytic session to another, its adequacy should probably be
verified during each dialysis session, something which is
impracticable at the moment.
To determine Kt/V, it is necessary to know K and Vt. The
gold standard for the determination of these parameters is
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the direct quantification technique, which is based on the
directly measured amount of removed urea, and allows
accurate calculations of urea distribution volume (Vt) and
effective patient urea clearance (K) [16]. However, as it
requires total or partial dialysate collection, this method is
impractical in every day clinical practice. An alternative
method overcomes these problems by using intermittent or
continuous on-line monitoring of dialysate urea concentra-
tions [8, 16–21]; however, although it is highly accurate, this
method has the disadvantage of being quite expensive and
so the most commonly used technique for determining
Kt/V is the SPVV urea kinetic model.
The substantial increase in dialysis efficiency over the last
ten years, which is mainly due to the use of higher blood
flow rates and highly permeable dialyzers, has widened the
discrepancy between the assumptions associated with this
kinetic model and the true urea kinetics of current treat-
ments. To calculate Kt/V accurately the post-dialysis urea
concentration at equilibrium is required, which means that
an end-dialysis blood sample must be taken at half an hour
after the end of the session. When the SPVV kinetic model
is applied using the urea concentrations determined 30
minutes after the end of the session, the urea distribution
volume is overestimated in comparison with the true urea
distribution volume, an overestimate that directly corre-
lates with post-dialysis urea rebound: when post-dialysis
urea rebound is present, effective dialytic urea clearance
overestimates effective patient urea clearance. Neverthe-
less, the errors in K and Vt cancel each other out in the
ratio, and so although the K and Vt values are incorrect,
the Kt/V values are correctly estimated. However, the need
for a delayed post-dialysis blood sample makes this method
unsuitable in clinical routine.
The simplified methods proposed by Smye and Daugir-
das obviate this problem because they do not need equili-
brated blood sampling, but the fact that they still require
Fig. 1. Difference between Dt/V and Kt/Veq
values plotted against Kt/Veq values.
Fig. 2. Difference between Kt/VSmye and Kt/Veq
values plotted against Kt/Veq values.
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two or three blood samples means that they are obviously
not suitable for determining Kt/V at each dialysis session.
The determination of ionic dialysance is easy, inexpen-
sive and does not require any blood or dialysate sampling.
Despite the fact that the equivalence of ionic dialysance
and effective urea clearance is not accepted by all authors,
the use of effective ionic dialysance instead of effective
dialytic urea clearance in the kinetic determination of the
Kt/V is likely to lead to correct results. The misestimation
of effective patient clearance leads to a misestimation of
Vt, but the Kt/V calculated as Dt/V is correctly estimated.
Furthermore, in stable patients, it seems reasonable to
assume that the urea distribution volume will remain
constant for prolonged periods of time and will only need
to be corrected for the difference in final body weights
between one session and another. Of course, we are well
aware that we still do not know how long this may be true.
Our results show that the Kt/V calculated by means of
measured effective ionic dialysance and dialysis time, and
using the Vt determined one month before, is more or less
equivalent to the equilibrated Kt/V determined by means
of the SPVV kinetic model. The mean value and SD of the
differences between Dt/V and Kt/Veq show that the new
method is accurate and fairly precise, being only slightly
less precise than the Smye and Daugirdas methods. This
result is to be expected because, as the ionic dialysance
value is the same as the actual effective value (being
corrected for recirculation), our method overcomes all of
the imprecisions due to changes in the ‘apparent’ urea
distribution volume caused by the development of access
recirculation or a wrongly estimated blood flow rate. Ac-
cording to Equation 1, only a misestimation of the dialysate
flow rate could influence the accuracy of the ionic dialy-
sance measurement. However, a significant problem could
theoretically arise in the case of a change in dialysis
efficiency, because our method presupposes that the Vt
value predetermined at a specific dialysis efficiency remains
constant. Since there is a correlation between the post-
dialysis urea rebound and Vt overestimation when the
SPVV urea kinetic model is used, it is likely that any change
in dialysis efficiency (and consequently in the entity of
post-dialysis urea rebound) will modify the value of the
‘apparent’ urea distribution volume. To investigate this
aspect, we have calculated that the value of urea rebound
can vary over a wide range without significantly affecting
the outcome parameter Kt/V from a clinical point of view.
An increase in urea rebound of 100% would lead to Kt/V
being overestimated by only 5%, and a reduction in urea
rebound of 100% would lead to an underestimate of Kt/V
of only 7%.
In conclusion, our study shows that, once the ‘apparent’
urea distribution volume has been determined, the evalu-
ation of mean effective ionic dialysance makes it possible to
calculate the equilibrated Kt/V at each dialysis session,
without the need for blood sampling for at least one month.
Further data are necessary in order to verify how long the
Vt determined in steady state patients can continue to be
correctly used in this evaluation.
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APPENDIX
Instantaneous determination of effective ionic dialysance by means of
Diascan Module
D 5 Qdo 3 @1 2 ~Cout1 2 Cout2!/~Cin1 2 Cin2!# (Eq. 1)
where
D 5 effective ionic dialysance (ml/min)
Qdo 5 outlet dialysate flow (ml/min)
Cin1 and Cin2 5 two different values of dialysate conductivity at dialyzer
inlet (mS/cm)
Cout1 and Cout2 5 outlet dialysate conductivity at the two inlet conduc-
tivity values (mS/cm)
Fig. 3. Difference between Kt/VDaugirdas and
Kt/Veq values plotted against Kt/Veq values.
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Calculation of urea distribution volume by means of the SPVV kinetic
model (Vt)
Vt 5 ~Qf z t! z H 1@1 2 Y~Qf/D-Qf!# 2 1J (Eq. 2)
where
Qf 5 ultrafiltration volume (ml/min)
t 5 session time (min)
Y 5 [G 2 Ct30 3 (D 2 Qf)]/[G 2 Co 3 (D 2 Qf)]
G 5 urea generation rate (mg/min)
Ct30 5 plasma water urea concentration (mg/dl) 30 minutes after the
end of the session
Co 5 plasma water urea concentration (mg/dl) at the start of session
D 5 mean ionic dialysance (ml/min).
Calculation of urea generation rate by means of the SPVV kinetic model (G)
G 5 @~Co2 3 Vo2! 2 ~Ct301 3 Vt1!#/Ti (Eq. 3)
where
Co2 is the plasma water urea concentration (mg/dl) at the start of the
subsequent session (2)
Vo2 5 Vt 1 DBW
Vt 5 urea distribution volume at the end of the previous (1) session (ml)
DBW 5 difference between previous post- and actual pre-dialysis weight.
Ti 5 interdialytic interval (minutes)
Calculation of diffusive urea clearance (UK)
UK 5 Qe~expz21)/(expz2Qe/Qd) (Eq. 4)
where
Qe 5 blood water flow (ml/min) 5 Qb 3 [Fp 2 Ht/100 3 (Fp 2 0.72)]
Qb 5 blood flow (ml/min)
Fp 5 1 2 TP/100
TP 5 total plasma protein concentration (g/dl)
Ht 5 hematocrit (%)
z 5 (KoA/Qe) (1 2 Qe/Qd)
KoA 5 dialyzer permeability coefficient (ml/min)
KoA 5 670 ml/min for CA 210
KoA 5 455 ml/min for NT 1465
Qd 5 dialysate flow (ml/min)
Calculation of equilibrated final urea concentration according to Smye
equation (CFeq)
CFeq 5 Co 2 @~1/~T 2 S! z ln~CS/CF!! z T# (Eq. 5)
where
Co 5 plasma urea concentration at the start of the session (mg/dl)
T 5 session length (minutes)
S 5 time of intradialytic blood sampling (minutes)
CS 5 plasma urea concentration determined on intradialytic blood
sample (mg/dl)
CF 5 plasma urea concentration at the end of the session (mg/dl)
Calculation of Daugirdas single pool Kt/V (Kt/VDsp)
Kt/VDsp 5 2 ln~R 2 0.008T! 1 ~4 2 3.5R!UF/W
(Eq. 6)
where
R 5 Ct/Co (mg/dl)
T 5 session length (hours)
UF 5 intradialytic body wt reduction (kg)
W 5 final body wt (kg)
Calculation of equilibrated Kt/V by the Daugirdas equation rate (Kt/
VDdp)
Kt/VDdp 5 Kt/VDsp 2 0.6 z Kt/VDsp/T 1 0.03~Eq.7!
(Eq. 7)
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